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1

METHOD AND SYSTEM FOR
CONTROLLING AN ANTI-LOCK BRAKE
| SYSTEM

TECHNICAL FIELD

This invention relates to a method and system for con-
trolling an anti-lock brake system based on the vehicle
deceleration.

BACKGROUND ART

In an effort to protect vehicle operators and occupants,
vehicle manufacturers and their suppliers are increasingly
designing and manufacturing vehicles with additional and
improved safety features. One such safety feature that has
been incorporated into a number of vehicle types is anti-lock
braking, which can take a variety of forms.

Vehicle anti-lock brake systems are designed to maximize
the ability of a vehicle operator to bring a vehicle to a
controlled stop on any type of road surface. An anti-lock
brake system accomplishes this goal by preventing the
vehicle brakes from prematurely halting vehicle wheel rota-
tion, or “locking” the vehicle wheels, regardless of the road
surface and the pressure applied to the brake pedal by the
vehicle operator.

‘Typical vehicle anti-lock brake systems include vehicle
wheel speed sensors for providing inputs to an anti-lock
brake system control unit. The control unit controls anti-lock
brake system control valves interposed between the brake
master cylinder and the individual wheel brakes of an
hydraulic brake circuit. Such control valves include isolation
valves and reduction valves. The control valves, in turn,
regulate hydraulic brake fluid pressure in the individual
wheel brakes to implement anti-lock braking.

One known method utilized in identifying an anti-lock
braking event includes comparing the velocity of one or
more of the vehicle wheels to a reference vehicle velocity.

The reference vehicle velocity 1s an estimate of the true
vehicle velocity based on current and previous values of the
individual wheel speeds. If the velocity of a wheel is
significantly less than the vehicle reference velocity, then the
wheel 1S deemed by the anti-lock brake system to be
experiencing a “‘pre-lockup” condition. The anti-lock brake
system then reduces the pressure activating the brake asso-
ciated with that wheel in order to reduce brake torque. The
reduction of brake torque allows the friction force at the
surface to accelerate the wheel, thereby causing a reduction
of a slip in the wheel.

A second known method of detecting an antilock braking
event includes comparing the deceleration of each wheel to
a deceleration threshold. The wheel deceleration 1s deter-
mined from the difference between the filtered wheel speed
and raw wheel speed. By utilizing wheel deceleration in
1dentifying an anti-lock braking event, a departure of wheel
velocity from vehicle velocity will be identified sooner so as
to limit the departure.

One problem associated with anti-lock brake systems as
described above 1s their tendency toward false, or premature,
activation. Premature activation can occur in a number of
circumstances, such as where a road surface 1s partially
ice-covered or bumpy. Such anti-lock brake systems activate
when the departure depth of any one of the vehicle wheels
exceeds the threshold, despite the fact that the wheel would
not have experienced excessive slip.
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Another problem associated with anti-lock brake systems
as described above is their tendency to initiate drive train
excitation. Drive train excitation can occur where a depar-
ture 18 deep and continues for a long period of time. Thus,
the continuation of dumping and reapplication of brake
pressure causes the engine to oscillate.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
provide a method and system for optimizing the sensitivity
of an anti-lock brake system when a vehicle is decelerating
quickly.

Another object of the present invention is to provide a
method and system for preventing f{alse activation of an
anti-lock brake system.

In carrying out the above objects, a method is provided for
controlling an anti-lock brake system based on vehicle
deceleration. The method comprises sensing a wheel speed
and determining a wheel deceleration and a vehicle decel-
eration therefrom. The method further comprises determin-
Ing an initial deceleration threshold representing a pre-
lockup condition, and determining a final deceleratzon
threshold based on the vehicle deceleration. The method still
further comprises comparing the wheel deceleration to the
final deceleration threshold, and activating the anti-lock
brake system 1if the wheel deceleration exceeds the final
deceleration threshold.

The method may further comprise determining a peak
acceleration of the wheel. In that event, determining the final
deceleration threshold includes adding the peak acceleration
to the initial deceleration threshold and decaying the peak
acceleration over time.

In further carrying out the above objects, a system is also
provided for carrying out the steps of the above-described
method. The system includes at least one sensor capable of
sensing a wheel speed and generating a signal representative
thereof. The system also includes a control unit for deter-
mining a wheel deceleration and a vehicle deceleration
based on the wheel speed signal. The control unit also
determines an initial deceleration threshold representing a
pre-lockup condition, and determines a final deceleration
threshold based on the vehicle deceleration. The control unit
still further compares the wheel deceleration to the final
deceleration threshold, and generates a control signal for
activating the anti-lock brake system if the wheel decelera-
tion exceeds the final deceleration threshold.

These and other objects, features, and advantages of the
present invention will be readily apparent from the follow-
ing detailed description of the best mode for carrying out the
invention when taken in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a schematic diagram of the anti-lock brake
system for use with the method and system of the present
invention;

F1GS. 2A--2B are flowcharts illustrating the method of the
present invention; and

FIG. 3 is a graphical representation of wheel speed versus
time illustrating the use of the method of the present
invention.

BEST MODES FOR CARRYING OUT THE
INVENTION |

Referring now to FIG. 1, a schematic diagram of the
system of the present invention 1s shown, denoted generally
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L by reference numeral 10, in COH_]HI]CHGH ‘with an erdmary o

- passenger vehicle anti-lock brake system (ABS). The anti-

~ . lock brake system includes a brake pedal 12, a brake switch
13, a brake master eyhnder 14, control valves 16, brake finid -

. conduits 18, 20, 22, 24, and 26, as well as aright front wheel .

- 28, aleft front wheel 30, and a pair of rear wheels 32.

- The system 10 of the present invention includes a pair of':__-"-'
L vehlcle wheel speed sensors 34 for measuring the velocity of -

" each of the front wheels 28 and 30, and a pair of vehicle

- wheel speed sensors. 36 for measuring the velocity of each

10
‘of the rear wheels 32. The system 10 further comprises an

| antl-lock brake system control unit 38. Each of the wheel -

~  The contrel ‘unit 38 takes the foml of a eemmermally |
. available microprocessor. Once programmed, the micropro- -
- cessor control unit 38 functions as a control means for -
~ setting a deceleration requirement for activating the ABS at
 a predetermined level, such as 4.0 g’s. The control unit 38
- also functions as a control means for varying the deeelera-_- :
_tion threshold based on the vehwle deceleratlen | |

e Refﬂl‘l‘lng now. to FIGS 2A-2B there is 111ustrated a'"
- method for. controllmg an anti-lock brake system based on 30

~ sensors 34 and 36 are operatively connected to the control
. unit 38, which is itself operatively connected to the anti-lock
- brake system control valves 16. Such operative connections .
~ are preferably electrical, but may also be. other types of
eonneeuens such as fiber opic. --

. As 1s ‘well known in- the -art, each of the wheel speed:’
- sensors 34 and 36 may comprise a variable reluctanee.._-;_--_ﬂ-
- sensor. However, other well known. wheel Speed SEnsors

R 20
- mayalso be employed. '

4

In this type of situation, the vehicle operator may not be:

- activating the brake or may be riding the brake, in whichn =
- case, braking may not be desired. If the anti-lock brake

~ control system 1is sensitized for low vehicle decelerations,

~ the anti-lock brake system may be activated whenabumpin =

- the road is encountered, which is not desirable. Therefore, -

~ the method and system of the present invention desensitizes

- the anti-lock brake control during low vehicle decelerations.

_ The vehicle deceleration may also be multiplied by a gain.

o factor as shown at block 56, prior to subtracting it from the
initial deceleration threshold as shown at block 58. The gain -

factor also serves to vary the influence of vehicle decelera—---; __

| tmn in sensitizing the anti-lock brake system,

- To further optimize performance of the anti-lock brake_;
15 - system, the method of the present invention inhibits noise, or-
- false activation. False activation is inhibited by increasing: =
. ihe initial deceleration threshold by a peak wheel accelera-
tion, as shown by block 60. Peak wheel acceleration values -
are positively correlated to road. roughness. The physical -
process that excites tire, suspension and drivetrain vibrations .~~~

 when driving on a rough surface causes rapid wheel oscil-

-lations. These rapid wheel oscillations are measured as

25

30

- vehicle deceleration: As seen therein, the method includes

o initial deceleration threshold, as shown by block 44. The

- the steps of determining wheel speed and vehicle speed such
- as from the history of wheel velocity 1nfermat1en prevldedf"f_
e :by the wheel speed sensors 34 and 36. -
- The method proceeds to block 40 where the wheel decel-- =

A eratlen is determined. Wheel deeeleratmn may be derived -

- from the dlﬁ’erence between a filtered wheel speed and a raw.

" wheel speed. Thereafter, at block 42, vehicle deceleration is -

!.:-_:._determmed The estimated vehicle deceleration is instru- -

. mental in determlmng surface characteristics and the result-v;"

-~ ing pressure control. Preferably, the calculation is performed

PR .j:by differentlanng the average vehlele speed and then ﬁlter-."_._
- ing the result. -

" The method continues Wlth the step of determining an

‘wheel Speed variations. The peak acceleration is determined
and stored in a memory as shown at block 62. Since only -
very recent information is relevant, the value of the peak .
acceleration 18 decayed over time, typlcally at a rate of ie . .
~ each 5 msec as shown at block 64. |

S At block 48, the method ..conhnues with the step. of o
comparing the wheel deceleration to the final deceleration =
threshold. If block 48 is false, the anti-lock brake control is

not activated, as shown by block 50. However, if the wheei_;_ o
acceleration does exceed the final deceleration threshold, the -~
anti-lock brake control is initiated, as shown by block- 52. .

Refemng new to FIG. 3, there is shown a graphlcal'f_ e
‘representation of wheel speed and vehicle speed versus time
- illustrating the operation of the anti-lock control system of

the present invention. The top portion of the graph illustrates

 the vehicle speed, V;, and wheel speed, W.gl: W,,, versus

time. As seen therein, the vehicle is experiencing a low rate
40

of deceleration durmg time pertod t;. During time period t,,

the vehicle is experiencing a high rate of vehicle decelera- - .
- tion: Wheel speed departures from the vehlcle speed are
- shown by W, and W, el

The center portion of the graph 1llustrates the deeelerauen

45

~ threshold Dec,,,, versus time, determined according to the

~ initial deceleration threshold is a trim constant offset repre-

- senting the maximum departure allowed for the wheel’s rate -

~of deceleration before the anti-lock brake control is initiated.

L | Preferably, the initial deceleration threshold is set at 4 g's. .

- yined at block |

- 46. This is preferably accomplished by decreasing the initial
. deceleration threshold by the amount of vehicle deceleration
- as shown at block 54. In so doing, the anti-lock brake control

55

Next, a ﬁnal deceleratlen threshold is dete

- system is made sensitive during high vehicle decelerations

 indicative of a high-mu surface. By lowering the initial
. deceleration threshold, a departure of the wheel’s rate of
~deceleration from the vehicle’s rate of deceleration is -
arher by the anti-lock brake control system
- 60
. anti-lock brake conirol system does not have to cycle the
~ brake pressure as deeply as necessary for deep departures. - -
- Drive train excitation (er escﬂlaﬂen) 1S nunmuzed by the
" limited cyclic control of the. brake pressure.

o Also, decreasing the initial deceleration thresheld by the
R __',_vehlele deceleration desensmzes the anti-lock brake cnntrel .

 detected. -
‘thereby limiting the departure. By 11m1t1ng the departure, the

o _system dunng peneds ef lew deeelerauon such as coastlng

50 .

method of the present invention as described in detail above.
“As seen therein, the deceleration threshold, Dec,h,., decreases-i__ .
as vehicle deceleration increases.- |

The bottom portion of the graph illustrates the actual -
~wheel deceleration, W, versus time. When the wheel -~
- speed, W, departs from the vehicle speed, the actual wheel. -
“deceleration, W, is not sufficient enough to activate the
anti-lock brake control. Therefore, the anti-lock brake sys- = =
1is desensitized during low vehicle decelerations, thereby
prohibiting false activation during periods of ceastlng or

te

riding the brake.

During time period t,, the deeeleratlen threshold Dec,;,,s :

has decreased due to the high rate of vehicle deceleration. In -~

this case, when the wheel speed, W_,, departs from the
‘vehicle speed, V, the anti-lock brake system is activated at -
time pertod-t,. The wheel departure is, therefore, caught = -
sooner during periods off high vehicle deceleration soasto -

- prevent the departure from gmng very deep, causing h1gh e

wheel mstablhty

- To further optimize the anti- lock brake control the peak'_-
aceeler_auon_ P, 1s added to the deceleration threshold, -
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S

Dec,,,, and decayed over time. By increasing the threshold
by the peak acceleration, P, the anti-lock brake system is
opiimized to 1inhibit activation when travelling over a bumpy
road surface.

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which

this invention relates will recognize various alternative

designs and embodiments for practicing the invention as
defined by the following claims.
What is claimed is:
1. A method for controlling a vehicle anti-lock braking
system, the method comprising:
sensing a wheel speed and generating a corresponding
wheel speed signal;

determining a wheel deceleration based on the wheel
speed signal;

determining a vehicle deceleration based on the wheel
speed signal;

determining an initial deceleration threshold representing
a pre-lockup condition;

determining a final deceleration threshold based on the
vehicle deceleration;

comparing the wheel deceleration to the final deceleration
threshold; and

activating the anti-lock brake system 1f the wheel decel-

cration exceeds the final deceleration threshold.

2. The method of claim 1 wherein determining the final
deceleration threshold includes decreasing the initial decel-
eration threshold by the vehicle deceleration.

3. The method of claim 1 wherein determining the final
deceleration threshold includes decreasing the initial decel-
eration threshold by the vehicle deceleration multiplied by a
gain factor.

4. The method of claim 1 further comprising determining
a pecak wheel acceleration.

5. The method of claim 4 wherein determining the final
deceleration threshold includes adding the peak wheel accel-
eration to the initial deceleration threshold.
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6. The method of claim 5 wherein determining the final
deceleration threshold includes decaying the peak wheel
acceleration over time.

7. A vehicle anti-lock brake control system comprising:

a sensor for sensing a wheel speed and for generating a
corresponding wheel speed signal; and

a control unit coupled to the sensor for performing the
following:

determining a wheel deceleration based on the wheel
speed signal; |

determining a vehicle deceleratton based on the wheel
speed signal;

determining an initial deceleration threshold representing
a pre-lockup condition;

determining a final deceleration threshold based on the
vehicle deceleration;

comparing the wheel deceleration to the final deceleration
threshold: and

generating a control signal for activating the anti-lock

brake system if the wheel deceleration exceeds the final
deceleration threshold.

8. The system of claim 7 wherein the final deceleration

threshold 1s determined by decreasing the initial deceleration

threshold by the vehicle deceleration.
9. The system of claim 8 wherein the final deceleration

threshold i1s determined by decreasing the 1nitial deceleration
threshold by the vehicle deceleration multiplied by a gain
factor.

10. The system of claim 7 wherein the control unit further
performing the following:

determining a peak wheel acceleration of the wheel.

11. The system of claim 10 wherein the final deceleration
threshold is determined by adding the peak wheel accelera-
tion to the initial deceleration threshold.

12. The system of claim 11 wherein the final deceleration
threshold is determined by decaying the peak wheel accel-
eration over time.



	Front Page
	Drawings
	Specification
	Claims

